The evolution of convective flow in a finite Hele-Shaw cell is presented.
Introduction
Time dependent convective flow is a timely subject to study the behaviour of differential equations and the fluid dynamics of turbulence. Our goal will be to understand the second topic: the physics of the development of oscillatory convection.
It is known today that in large containers, i.e. systems of many degrees of freedom, the oscillations are nonperiodic at the onset of time dependent
flow. An evaluation of this work has been given by Busse (1981) and Kaschmieder (1981) . Ahlers & Behringer (1978) , Dubois & Berge (1980) , Gollub & Bensan (1980 ), Libchaber & Maurer (1980 and others found out that in small boxes, i.e.
systems of few degrees of freedom, the oscillations are more ordered. They observed that mostly the oscillations begin as a monoperiodic oscillation. At higher temperature differences transitions occur to a biperiodic, nonperiodic or other type of oscillations exhibiting several subharmonics and/or intermittencies.
In large Hele-Shaw cells, Koster & Müller (1982) obtained results similar to those found in large boxes where the oscillations develop as more or less noisy ones. They visualized also a pronounced interaction of the convection rolls. In smaller Hele-Shaw slots, Koster & Müller (1984) found a series of transitions between different types of oscillation. Busse & Whitehead (1974) and Berge & Dubois (1976) have shown that in high Prandtl number fluids unstable thermal boundary layers drive the time dependent flow. Krishnamurti (1970) and Koster & Müller (1982) However, it is less well understood why a time dependent convection flow exhibits under certain conditions periodic, quasiperiodic, frequency locked or nonperiodic oscillations and moreover undergoes transitions between these types of oscillations. The major question is what causes the transitions and can separate flow oscillators be identified. It appears that flow visualization is necessary to investip,ate this problem. Dubois & Berge (1980) reported interferometric results showing that one oscillator develops in a plume and a second one in the thermal boundary layer. It was shoiVn also by Dubois & Berge (1981) that each cell in a two cel1 configuration may exhibit one oscillator. Koster & Müller (1984) could not confirm the first observation but found some evidence for the second one.
The present experiment will be directed towards finding uncorrelated oscillators which would support the idea (Koster & Müller, 1984 ) that individual frequencies of unstable thermal boundary layers drive the oscillations and cause the transitions between different oscillatory states.
Experimental set up and procedures
Apart from problern oriented modifications, the Hele-Shaw cell is similar to those described by Koster & Müller (1982 , 1984 . The vertical walls of the cell were made of 4 mm thick Plexiglas which categorizes the cell as a low conductivity cell (see Koster & Müller, 1984) . To improve the linearity of a vertical temperature profile in the sidewalls, the Plexiglas cell was sand- The Hele-Shaw cell is built into a low conductivity frame (Novotex) which has windows for optical access. Further, the framed cell is insulated with 30 cm thick partly removable heat insulation material to reduce the heat transfer wi th the surroundings.
The fluid layer was heated from below and cooled from above with a symmetric heating rate of 0.02 K/min. The heating periods lasted from about 10 to 30 minutes. Between these periods, equilibration periods of between 30 minutes -3 -and 24 hours were provided. The vertical thermal diffusion times of silicone oll and Plexiglas were taken into account in this way.
The temperature difference 6T and the upper temperature T 1 were measured in order to calculate the Rayleigh nurober which is defined as
with acceleration of gravity g, thermal expansion coefficient ß, vertical temperature difference l'IT across the layer of height h, the kinematic viscosity v and the thermal diffusivity K. The Rayleigh nurober is normalized as * Ra = Ra/Raosc' whcre Ra 08 c is the critical Rayleigh nurober of the onset of oscillatory convective flow. The Prandtl nurober is defined as
The locations 
which is a measure of the ratio of the period of oscillation and the thermal diffusion time of the liquid.
As a criterion of transition we consider a thermal boundary layer as stable, when the thermocouple in that layer does not register time dependent temperatures. We consider it unstable if there is a time dependent signal.
For a detailed error analysis of this investigation we refer to that of Koster & Milller (1984) which we consider valid for this experiment.
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Experimental results
The following results originate from two experiments in one Hele-Shaw cell.
Onset of convection
The threshold of the onset of convection was measured in several runs and defined as Rac = 3.9 x 10 5 (6T = 1.35 K). This value fits into the theoretical frame given by Frick & Clever (1980) . In one experiment a four roll flow pattern developed and in the second one there existed a five roll pattern. It was observed that the wavenumber of the end rolls is higher than the wavenumber of the center rolls. The following ratios of the critical wavenumbers After the onset of convection the Rayleigh number is increased by symmetric heating and cooling the lower and upper boundaries in a quasisteady way.
Typical interferograms, showing qualitative temperature fields with increasing temperature difference are shown in figure 2 and described below.
From these fringe patterns qualitative streamlines are evaluated and shown along with the interferograms. One Period of an end-roll oscillation in a Hele-Shaw cell at Ra= 1.58x10 6 with llt=4 7.6 s One pedod of oscillation at Ka = 1.58xlü 6 with period a t = 47.6 s.
Interferograms ar taken at aT = 10 s interval. -1 8 - Cross-Spectral Density Function and Cross-Correlation Coefficient. Signals at one end-side. 
Cross-Spectral Density Function and
Cross-[ o rr e l a t i o n Co e f f i c i e n t.
Signals at left and right side. 
Discussion
The onset of convection in the Hele-Shaw cell is conform to the theoretical bounds given by Frick & Clever (1980) . A new findin~ is the generation of vortices in the leading end corners of the cavity. This is a similar observation as reported by Elder (1967) After a regime with time~dependent convection that we discuss below, a reverse transition to a steady flow, exhibiting a hysteresis, was observed at high
Ra. This finding is similar to the observations made by Koster & Müller (1984) .
The new finding that regions of steady flow can coexist with regions of timedependent flo~q may be explained by the theoretical results of Frick & Müller (1983) . They investigate the stability of convective flow as a function of the wavenumber of the rolls. According to their stability diameter the central region is expected to be steady while the end rolls exhibit oscillations as the wavenumber of the central rolls is much higher than that of the end rolls.
lt is obvious from these experiments that the end walls have a great influence on the stability of the flow. But it was not possible to find out whether the oscillations start at the density interface at midheight of the cell or in the horizontal thermal boundary layers. An instability in one of these regions could induce the instability into the other and perform a frequency The model suggested here, however, does in general not exhibit period doubling (Feigenbaum 1979 ) and intermittent (Manneville & Pomeau 1979) routes to turbulence. We suggest that in our case (high Prandtl nurober fluid in gaps) the raute to turbulence may be controlled by precise selection of interacting unstable thermal boundary layers.
